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Abstract: Hacıhaliloğlu is one of the most widely cultivated apricot (Prunus armeniaca L.) cultivars in Turkey. It produces
fruit of excellent quality and is consumed both fresh and dried. In this study several factors affecting in vitro culture, rapid
proliferation, rooting, and acclimatization of the apricot cultivar Hacıhaliloğlu were examined. During this study
significant differences in harvesting dates were observed, with the month of May being noted as the best time to examine
the in vitro culture of Hacıhaliloğlu. The effects of the cytokinin 6-benzylaminopurine (BA), kinetin (Kin), and
thidiazuron (TDZ) were evaluated individually, and different concentrations of BA were also tested. BA levels were tested
-1
for their effects on shoot proliferation and 1.0 mg L of BA was the most suitable dose for promoting shoot multiplication
-1
cultures. The greatest number of shoots (3.42 ± 0.19) was obtained using 2.0 mg L of BA; this was significantly greater
than that of the control, but there was no significant difference in the mean obtained with 1 mg L-1 of BA. The effect of
a carbon source on shoot proliferation was studied by using glucose, sucrose, fructose, and lactose at the 3.0%
concentration. Sucrose resulted in better shoot proliferation than the other sugar varieties tested. The best rooting
-1
percentage was obtained on Murashige and Skoog (MS) medium supplemented with 2.0 mg L of indole-3-butyric acid
(IBA). The regenerated plants were successfully transferred to soil. Herein a simple and effective method is reported for
the micropropagation of the apricot cv. Hacıhaliloğlu from adult plants.
Key words: Apricot, Hacıhaliloglu, micropropagation, single node culture

Hacıhaliloğlu kayısı (Prunus armeniaca L.) çeşidinin
boğum kültürü ile mikroçoğaltımı
Özet: Hacıhaliloğlu kayısısı; Türkiye’de yaygın olarak yetiştiriciliği yapılan kayısı çeşididir. Mükemmel meyve kalitesi ile
hem taze hem de kurutmalık tüketime uygundur. Bu çalışmada, Hacıhaliloğlu kayısı çeşidinin in vitro kültüre alınması,
proliferasyonu, köklendirilmesi ve aklimatizasyonuna etki eden faktörler üzerine çalışılmıştır. İn vitro kültürlerin
başlatılması için, eksplant alım tarihleri arasında belirgin farklılıklar olduğu ve en iyi kültüre başlama zamanının Mayıs
ayı olduğu tespit edilmiştir. Thidazuron (TDZ), benzilaminopürin (BA) ve kinetin (Kin) gibi sitokininlerin ayrı ayrı ve
benzilaminopürinin faklı konsantrasyonlarının in vitro kültür üzerine etkileri araştırılmıştır. Sürgün proliferasyonu için
-1
BA’nın farklı konsantrasyonları test edilmiş ve bu konsantrasyonlar arasında 1 mg L BA’nın en iyi sonuç verdiği tespit
edilmiştir. Sürgün sayısı bakımından en yüksek değer (3.42 ± 0.19), 2.0 mg L-1 BA içeren besi ortamında elde edilmiştir.
-1
Bu oran, 1 mg L BA içeren ortamdan elde edilen değerden ististiksel olarak farklı olmamasına rağmen, kontrol grubuna
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göre farklılık göstermiştir. Proliferasyon üzerine karbon kaynaklarının etkisini araştırmak için; glikoz, sakkaroz, fruktoz
ve laktozun %3’lük konsantrasyonları çalışılmıştır. Proliferasyon bakımından test edilen şeker tipleri arasında en iyi
-1
sonucu sakkaroz vermiştir. En iyi köklenme oranı 2.0 mg L indol-3-bütirik asit (IBA) ilave edilmiş MS besi ortamından
alınmıştır. In vitro ortamda çoğaltılan bitkiler başarılı bir şekilde bahçeye aktarılmıştır. Bu makalede olgun Hacıhaliloğlu
kayısı çeşidinin mikroçoğaltılması için basit ve etkili bir metot rapor edilmiştir.
Anahtar sözcükler: Kayısı, Hacıhaliloglu, mikroçoğaltım, tek boğum kültürü

Introduction
Total production of fresh apricot worldwide is 3.06
million tons year-1 (FAO 2007). Turkey is the leading
producer of apricots, with 625,000 tons year-1, based
on an average for the years 2005-2007. Apricots are
grown throughout Turkey, with the exceptions of the
very humid Black Sea region and the cold
mountainous area of Anatolia. In Turkey, Malatya, a
province in eastern Anatolia, is the most important
apricot-producing center. This region produces 50%
of the fresh and 90% of the dried apricot in Turkey
(Turkstat 2009). The ecological factors of the region
contribute to the high quality of its apricots.
Moreover, Malatya exports 80%-85% of its apricot
production and is the world’s largest exporter of
apricot (Asma 2000).
As the apricot is a highly heterozygous species, the
use of seed-derived material should be avoided. Thus,
it is important to establish effective protocols for
micropropagation of apricot with explants taken from
mature trees, as micropropagation offers a possible
solution to the problems of clonally propagated elite
apricot varieties. Numerous studies on the
micropropagation of the apricot have been carried out
using the juvenile or adolescent seedlings of mature
trees (Skirvin et al. 1979; Snir 1984; Mante et al. 1989;
Schmidt and Ketzel 1996; Murai et al. 1997;
Kramarenko 1999; Perez-Tornero et al. 1999, 2000a,
2000b, 2001; Perez-Tornero and Burgos 2000;
Hokanson and Pooler 2000; Balla and Vertesy 2001;
Gentile et al. 2002; Burgos and Alburquerque 2003;
Paris et al. 2004; Petri et al. 2005; Srinivasan et al.
2005; Yıldırım 2006; Koubouris and Vasilikakis 2006).
Unfortunately, the results of this research are difficult
to replicate because the optimal conditions for
propagation are genotype dependent (Perez-Tornero
and Burgos 2000). Data on in vitro clonal propagation
of the apricot cv. Hacıhaliloğlu have not been
previously presented. Therefore, the objective of the
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present study was to establish a protocol for in vitro
clonal propagation of this cultivar, one which would
be applicable to the production of high quality
propagation material by commercial nurseries.
Herein a procedure for the micropropagation of
Prunus armeniaca L. cv. Hacıhaliloğlu from single
node buds and the establishment of the resulting
plantlets in soil is provided. The development of a
superior in vitro micropropagation method of
Hacıhaliloğlu would be highly desirable for clonal
cultivar improvement and commercial propagation.
Additionally, it could be a basis for regeneration
experiments on the genetic transformation against
viruses.
Materials and methods
Plant material
Plant material was obtained from vigorous current
year shoots of 10-year-old field-grown trees of the
apricot cv. Hacıhaliloğlu in the apricot collection at
the Malatya Fruit Research Institute between January
and December. Axillary buds approximately 4-5 cm
below the apical shoot tips were used as sources of
plant material (Figure 1a).
Explant disinfection
The explants were cut into 1-cm single node
pieces, pre-sterilized successfully in ethyl alcohol
(70% v/v) for 40 s, and washed 3 times with sterile
distilled water. The following surface sterilization
experiments were conducted to achieve successful
culture initiation: (1) the effects of different
concentrations of sodium hypochlorite (53%
commercial bleach “5.25% sodium hypochlorite”)
(5%, 10%, 15%, and 20% NaOCl [v/v] for 30-min
treatments) and (2) determination of the effects of
optimum immersion time in NaOCl (5, 10, 20, and 30
min for 5% NaOCl treatments) on the
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decontamination of axillary buds. After trimming the
basal ends, 3-5 explants were placed aseptically in
Magenta GA-7 containing 50-60 mL of full strength
Murashige and Skoog (MS) (1962) medium with
Gamborg vitamins, 30 g L-1 of sucrose, and 6.3 g L-1
of agar plus; unless otherwise stated, 1 mg L-1 of BA
was used for viability and contamination studies. The
pH of the medium was adjusted to 5.7 with 1 N NaOH
or HCl before autoclaving. All cultures were placed in
a culture room at 25 ± 2 °C, provided with a 16-h
photoperiod under cool white fluorescent light at 40
μmol m-2 s-1, and transferred to fresh medium every
3-4 weeks (standard growing conditions).
Culture establishment
To determine the most suitable month for culture
establishment, axillary buds were collected every
month and cultured using modified MS medium
supplemented with 1 mg L-1 of BA, 30 g L-1 of sucrose,
and 6.3 g L-1 of agar.
Shoot multiplication
After successful culture establishment, unfolded
buds and shoots were promoted by various cytokinins
-1
(BA, Kin, and TDZ, each at 1 mg L with a cytokininfree treatment) and different concentrations of BA
(0.25, 0.5, 1.0, 2.0, and 4.0 mg L-1, together with a BAfree treatment). Microshoots almost 1 cm in length
were used for the multiplication experiments. The
effects of carbohydrates (sucrose, glucose, fructose,
and lactose, each at 30 g L-1) on shoot multiplication
were also examined. Multiple shoot cultures formed
in 3-4 weeks, and these were regularly subcultured for
the next 2 years without any significant loss of vitality.
The number of shoots observed was recorded every 4
weeks, and shoots longer than 1.0 cm were counted.
Rooting
Microshoots longer than 2 cm were excised from
shoot-proliferating cultures and transferred to test
culture tubes with 60 mL of a full strength MS
medium supplemented with various concentrations
-1
(0.25, 0.5, 1.0, and 2.0 mg L together with an IBAfree treatment) of IBA. In all, 30 microshoots were
cultured in each treatment. Rooting frequency was
recorded after 4 weeks for all rooting treatments. The
cultures were maintained under the standard growing
conditions mentioned above.

Acclimatization
After careful removal from the medium, all the
rooted shoots were washed thoroughly in running tap
water to remove all traces of the medium without
damaging the roots. Rooted plantlets were
transplanted to pots containing peat, soil, and sand
(1:1:1). The mixture was enriched with a half-strength
MS salt solution and placed in a hardening chamber
(25 ± 2 °C, RH 90%). Six-week periods of
acclimatization accompanied by progressive
reduction in humidity (from 95% to 65%) using
sterile, non-sterile, and a mixture of sterile plus nonsterile compost were used for higher plantlet survival
rates. Initially, plantlets were covered with microholed polyethylene bags or with a beher glass. Fourmonth-old plantlets were then planted in the field and
their performance was continuously observed.
Experimental design and statistical analysis
All the experiments were conducted using a
completely randomized block design. Each
experiment was repeated twice. The results presented
are the means of at least 2 replications with standard
errors. Variance analysis (ANOVA) was performed
and comparisons of means were conducted using
Duncan’s multiple range test (SPSS v.13.0 statistical
package). All analyses were regarded as significant at
P < 0.05.
Results
The effects of NaOCl solution on the
decontamination of apricot buds
Analysis of the data showed that there were
significant differences between the frequency of
contaminated, surviving, and damaged axillary buds,
and those that had undergone treatment (Table 1).
Increasing the NaOCl concentration from 5% to 20%
had a positive effect on the percentage of
contaminated axillary buds. All treatments showed
contamination of at least 6.01% within 30 min in 20%
NaOCl. As the NaOCl concentration increased, the
percentage of contamination and the number of
surviving explants decreased. The number of
damaged buds was high and varied from 12.95% to
86.54%. The results presented in Table 1 show no clear
combination level suitable for future tissue culture

57

Micropropagation of the apricot (Prunus armeniaca L.) cv. Hacıhaliloğlu by means of single node culture

a

b

c

d

e

f

g

Figure 1. a) Single nodes of Hacıhaliloğlu used for culture initiation (bar: 17 mm). b) Development of single nodes cultured in MS + 1
mg L-1 BA a week after culturing (bar: 10.5 mm). c) Shoot multiplication in MS supplemented with 1 mg L-1 BA (bar: 9.5 mm).
-1
d) In vitro rooting of microshoots 4 weeks after culturing on MS medium supplemented 2 mg L IBA (bar: 9.8 mm). e)
Acclimatization of Hacıhaliloğlu plantlets (bar: 5.4 mm). f) Developing plantlets in growth room (bar: 8.3 mm). g) Plantlet that
originated from a microshoot 9 months after transplantation to the field (bar: 20 mm).
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Table 1. The effects of a NaOCl solution on the decontamination and survival of the apricot nodes.
Treatments

Control
5%
10 %
15%
20%

Immersion in
NaOCl solution
for 30 min

% of bud
contaminated

% of survival
buds

% of bud
damaged

87.06 ± 2.06 a
33.18 ± 1.83 b
14.09 ± 1.82 c
13.13 ± 1.18 c
6.01 ± 1.17 d

12.77 ± 0.27 cd
54.65 ± 1.24 a
33.18 ± 1.83 b
14.30 ± 1.62 c
7.20 ± 1.56 d

0.00 ± 0.00 e
12.95 ± 1.70 d
53.40 ± 1.52 c
73.37 ± 1.27 b
86.54 ± 0.51 a

Figures presented are the means of 15 replicates observed on 28 of culture. Means in each column followed by different letters are different
according to Duncan’s multiple range test (P < 0.05).

techniques. However, the highest frequency of
surviving axillary buds (54.65%) and the lowest
percentage of damaged buds (12.95%) was obtained
with the 5% NaOCl treatment. Thus, the effects of 5%
NaOCl solution should be tested with longer
immersion duration on the decontamination of
apricot axillary buds.
The effects of optimum immersion time in
NaOCl on the decontamination of apricot buds
There were highly significant differences between
the frequencies of the contaminated, surviving, and
damaged buds, and those that had undergone
immersion in NaOCl solution (Table 2, P < 0.05). The
frequency of the surviving buds decreased as the
immersion time increased, reaching the highest
frequency (94.12%) with the 5% NaOCl for 10 min
treatment after 21 days. The results presented in Table
2 indicate that 5% NaOCl for 10 min treatment is the

optimum immersion time in NaOCl to sterilize
apricot buds, because there were no damaged or
malformed buds, even after the longest immersion
time.
The effects of the time of the year (month)
explants were harvested
The date of introduction of the Hacıhaliloğlu buds
significantly influenced (Table 3, P < 0.05) the
percentage of surviving explants obtained after 4
weeks in culture. Surviving explants were not
obtained between December and February, and this
was independent of the date they were introduced. In
the apricots under natural conditions fresh sprouts
appeared in early spring (March-April) and grew
rapidly throughout the summer (May-June). Explants
collected in May had the highest percentage of in vitro
establishment. The first change, which was observed
within 10 days on regeneration medium, was the

Table 2. The immersion duration in NaOCl solution on the decontamination of the apricot nodes.
Treatments

Control
Immersion duration
in 5% NaOCl solution

5 min
10 min
20 min
30 min

% of bud
contaminated

% of survival
buds

% of bud
damaged

93.86 ± 3.86 a
6.01 ± 2.02 b
5.63 ± 1.45 b
5.68 ± 1.28 b
6.32 ± 1.29 b

5.90 ± 0.90 d
87.73 ± 1.58 a
94.12 ± 1.63 a
75.00 ± 1.71 b
56.22 ± 1.66 c

0.00 ± 0.00 c
6.07 ± 0.61 c
0.00 ± 0.00 c
19.31 ± 1.28 b
38.30 ± 2.19 a

Figures presented are the means of 15 replicates observed on 28 of culture. Means in each column followed by different letters are different
according to Duncan’s multiple range test (P < 0.05).
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Table 3. The effects of the time of the year (month) on the
culture establishment of the apricot nodes.
Harvesting Date

% of Survival

January
February
March
April
May
June
July
August
September
October
November
December

0.00 ± 0.00 h
0.00 ± 0.00 h
13.20 ± 1.66 g
50.00 ± 0.78 f
93.75 ± 1.25 a
80.50 ± 1.65 b
68.75 ± 1.15 d
75.00 ± 1.29 c
75.45 ± 0.61 c
56.00 ± 0.91 e
13.37 ± 0.64 g
0.00 ± 0.00 h

The effects of different concentrations of BA on
shoot proliferation

Figures presented are the means of 16 replicates observed on 28 of
culture. Means in each column followed by different letters are
different according to Duncan’s multiple range test (P < 0.05).

enlargement of explants to twice their original size
(Figure 1b). Surviving cultures produced new shoots
from the node and grew to a few cm within 4 or 5
weeks. Each new shoot had a few nodes.
Multiplication
The effects
multiplication

of

different

cytokinins

produce new shoots or maintained only 1 shoot per
explant. BA was superior to all other cytokinins tested,
in terms of shoot number and length, whereas TDZ
was not superior to BA, but was to Kin and the control
treatment in this respect. As can be seen from the
information above, the cytokinin BA was selected as
the basic growth regulator for future use.

on

At the end of the incubation period (28 days),
shoot proliferation of the cultured explants was
affected significantly by all the cytokinins tested
(Table 4). Visible shoot elongation and proliferation
were observed within 10 days of setting up the
cultures. Explants on the control medium did not

Table 5 shows the effects of different
concentrations of BA on the number and length of
shoots (Figure 1c). The number of new shoots per
explant increased along with the BA concentration,
and the best result was obtained with 2 mg L-1 of BA
(Table 5). Shoot length was also positively affected by
the BA concentration, and optimum results were
-1
obtained with 1 mg L of BA. Extensive rosetting was
-1
evident at the higher BA concentration (2-4 mg L of
BA). Axillary bud development occurred only after
the rosette shoots were cultured in vitro for several
months.
The effects of the different types
carbohydrates on shoot multiplication

Sucrose was best for increasing the number of
shoots produced per initial explant, as compared with
the control and other treatments tested (Table 6).
Similarly, the highest mean shoot length was also
produced by sucrose, but its effect was similar to that
produced by glucose. On the basis of the number and
length of shoots, the best carbohydrate for
proliferation was sucrose.

Table 4. The effects of cytokinin type on shoot proliferation of the apricot nodes.

Treatments

Mean shoot number
± SE

Mean shoot length
± SE (cm)

1.05 ± 0.05 d

1.09 ± 0.06 c

BA

2.64 ± 0.68 a

5.80 ± 0.40 a

Kinetin

1.57 ± 0.12 bc

2.18± 0.16 b

TDZ

2.15 ± 0.15 ab

4.84 ± 0.21 a

Control (PGRs free)
Cytokinin
Type
-1

(1.0 mg L )

Figures presented are the means of 20 replicates observed on 28 of culture. Means in each column
followed by different letters are different according to Duncan’s multiple range test (P < 0.05).
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Table 5. The effects of different concentrations of BA on shoot proliferation.
Treatments

Mean shoot number ± SE

Mean shoot length ± SE (cm)

1.00 ± 0.00 c

1.00 ± 0.00 c

0.25

1.89 ± 0.07 b

2.94 ± 0.15 b

0.5

2.26 ± 0.10 b

5.62 ± 0.12 a

1

3.36 ± 0.24 a

5.80 ± 0.24 a

2

3.42 ± 0.19 a

4.86 ± 0.23 a

4

2.57 ± 0.20 ab

4.42 ± 0.11 a

Control (PGR free)

-1

BA (mg L )

Figures presented are the means of 20 replicates observed on 28 of culture. Means in each column followed by
different letters are different according to Duncan’s multiple range test (P < 0.05).
Table 6. The effects of the different types of carbonhydrates on shoot multiplication of apricot.

Treatments

Mean shoot number ± SE

Mean shoot length ± SE (cm)

Control

1.10 ± 0.68 c

1.13 ± 0.07 d

Lactose

1.75 ± 0.12 b

4.44 ± 0.18 b

Carbohydrates

Fructose

1.35 ± 0.11 bc

2.88 ± 0.15 c

(3%)

Glucose

1.85 ± 0.14 b

5.98 ± 0.27 a

Sucrose

2.65 ± 0.18 a

5.80 ± 0.19 a

(Carbohydrates Free)

Figures presented are the means of 20 replicates observed on 28 of culture. Means in each column followed by
different letters are different according to Duncan’s multiple range test (P < 0.05).

Rooting
The effects of different concentrations of IBA on
rooting
Table 7 shows the effect of different concentrations
of IBA on the rooting of apricot shoots in vitro. The
highest rooting percentage and mean number of roots
were obtained with IBA at 2 mg L-1 (Figure 1d). There
was no rooting in the absence of auxin, and this was
significantly lower than that obtained when IBA was
present at any concentration. Necrotic leaves were
observed at various degrees and the problem was
more intense at high concentrations of IBA and NAA.
The use of low concentrations of IBA and the other
type of auxin (NAA) did not eliminate leaf necrosis,
but explants looked healthier and roots developed
directly from the base of the explants without much
callus formation.

The effects of compost on acclimatization
Acclimatization of rooted plantlets was achieved
by transferring them to pots with a mixture of sterile
peat, sand, and soil (1:1:1). In this compost, plantlets
tended to resume shoot growth quickly; there were at
least 2 pairs of leaves on each plantlet (Figure 1e). The
acclimatized plantlets established successfully upon
transfer to a growth room (Figure 1f). The overall
frequency of the development of plantlets after
transfer into growth room conditions was 70%, 20%,
and 10% when the plantlets were acclimatized to
sterile, semi-sterile, and non-sterile peat, sand, and
soil compost, respectively (Table 8). Shoot growth
reached 3-5 cm in the mixed compost in 5 weeks.
Subsequent transfer of the rooted plants to the field
was successful (Figure 1f). The method developed for
acclimatization was satisfactory, because a high
61
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Table 7. The effects of different concentrations of IBA on rooting of in vitro developed apricot shoots.
Treatments

Percentage (%) of rooting

Control (IBA Free)
IBA Concentration
-1

(mg L )

Mean root number ± SE

0.00 ± 0.00 d

0.00 ± 0.00 c

0.25

10.00 ± 1.92 c

1.16 ± 0.11 ab

0.5

10.00 ± 2.98 c

1.16 ± 0.09 ab

1

25.00 ± 1.88 b

1.26 ± 0.05 ab

2

60.00 ± 1.11 a

2.33 ± 0.12 a

Figures presented are the means of 10 replicates observed on 28 of culture. Means in each column followed by
different letters are different according to Duncan’s multiple range test (P < 0.05).

Table 8. The effects of compost on acclimatization of apricot
plantlets in sand soil and peat (1:1:1) mixture.
Compost
Sterile
Semi-sterile
Non-sterile

Viable Regenerant (%)
70.00 ± 5.00 a
20.00 ± 2.88 b
10.00 ± 2.23 b

obtained when meristems were dissected from buds
that were starting to swell. Previous studies reported
that meristem survival was not affected by the date of
introduction, and that meristems from actively
growing shoots became brown and died.

Discussion

The present results show that a higher percentage
of surviving Hacıhaliloğlu explants was obtained
when axillary segments were dissected between April
and October (Table 3), and that axillary bud segments
from actively growing shoots had a higher survival
rate. In eastern Anatolia May is the end of the spring
season and is the active growing period for apricots.
This improved response of actively growing buds over
dormant buds is in agreement with several other
reports for woody plants (Siril and Dhar 1997; Tiwari
et al. 1997).

The use of stem axillary segments has been
reported to be the most common method of
establishing apricot material in vitro because of the
high contamination of axillary and apical shoots
(Perez-Tornero et al. 1999). Therefore in the present
study we also used mature stem axillary segments for
establishing in vitro cultures, and no internal
contaminants were observed after the cultures were
established. The highest survival rate (94.12%) of the
explants was achieved by 40-s immersion in 70%
ethanol, and then 10-min immersion in 5% NaOCl.
Perez-Tornero et al. (1999) and Koubouris and
Vasilikakis (2006) also successfully applied similar
concentrations in other apricot cultivars. Different
results for the best time for culture induction have
been described in the literature. Perez-Tornero et al.
(1999) noted that longer and heavier explants were

The effect of different carbon sources on apricot
has not been previously reported. In the present study,
sucrose produced better results for shoot
multiplication than did glucose, fructose, and lactose
(Table 6). Sucrose at 30 g L-1 was more effective than
the other carbohydrates tested. Sucrose is mainly used
at the 2%-4% concentration for in vitro culture of
woody plants, as it modifies the osmotic strength of
the medium. The type of carbohydrate affects the
growth and the frequency of shoots that develop, and
shoot proliferation of woody Rosaceae species, such
as apple and apricot, is often increased using sorbitol
(Pua and Chong 1984; Marino et al. 1993). BA has
been the most commonly used cytokinin for in vitro
culture initiation from apricot shoots (Murai et al.
1997). We also observed that BA was the most
effective cytokinin of the 4 studied, and promoted

Figures presented are the means of 10 replicates observed. Means
in each column followed by different letters are different
according to Duncan’s multiple range test (P < 0.05).

percentage of plant survival (90%) in the field was
obtained and the regenerated plantlets resumed their
growth after 9 months (Figure 1g).
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shoot proliferation in in vitro cultures of
Hacıhaliloğlu. The number of new shoots per explant
in the present study increased as the BA concentration
increased, and the best results were obtained with 1-1
4 mg L of BA (Table 5), confirming the results of
Marino et al. (1993) and Koubouris and Vasilikakis
(2006), who worked with other apricot cultivars.
However, shoot length was affected differently by the
BA concentration and optimum results were obtained
with 0.5 mg L-1 of BA. Marino et al. (1993) reported
that the number of shoots in apricot increased as BA
-1
levels increased up to 2 mg L . Above this
concentration Murai et al. (1997) observed a decrease
in the number of shoots produced per initial explant.
An increase in the number of shoots and
productivity obtained with ‘Bulida’, ‘Helena’, and
‘Lorna’ with increased BA concentrations has been
observed in other species (Stimart and Harbage 1989;
Siril and Dhar 1997); however, the Hacıhaliloğlu
cultivar responded differently, which points to its
genotype specificity. In the present study almost all
levels of BA used produced rosette explants at 4 weeks
of culture. Better shoot proliferation could be
-1
obtained with this cultivar with 2 mg L of BA in the
medium only after the rosette shoots have been
cultured in vitro for several months. Different
genotypes will behave very differently in vitro, as has
been demonstrated by Perez-Tornero et al. (1999)
working with different cultivars of apricot. PGR
combinations should probably be tried for each single
cultivar to be established in vitro. This phenomenon
has also been described in previous studies of other
apricot cultivars (Marino et al. 1993; Koubouris and
Vasilikakis 2006).
There are also reports that sorbitol always elicited
better development of lateral shoots in apricot
(Marino et al. 1991, 1993), It should also be noted that
0.5 mg L-1 of BA and sorbitol induced proliferation
rates comparable to 1 mg L-1 of BA plus sucrose in
media without IBA and GA3 in ‘Portici’ and ‘San
Castrese’. In apricot low concentrations of auxins have
been used to promote rooting without necrosis
(Murai et al. 1997). The apricot, despite being difficult
to root as a cutting, developed high rooting
competence in vitro (Perez-Tornero et al. 2000b). In
several species the utilization of high concentrations
of IBA produced calluses and abnormal roots that

affected the survival of explants during
acclimatization (Al-Maarri et al. 1994; Yepes and
Aldwinckle 1994). In most of the in vitro studies
conducted on micropropagation of apricot cultivars,
rooting status has been reported (Murai et al. 1997;
Perez-Tornero and Burgos 2000; Perez-Tornero et al.
2000b).
In the present study low concentrations of IBA
(0.25-0.5 mg L-1) did not produce good results with
Hacıhaliloğlu. Many woody plants require several
subcultures before the shoots reach rooting
competence (Hammerschlag 1986). In the apricot
increased rooting rates with repeated shoot cultures,
which indicate rejuvenation of apricot shoot tips, have
also been described (Murai et al. 1997).
Conclusion
The procedures suitable for in vitro propagation
by means of single node culture of P. armeniaca L. cv.
Hacihaliloğlu were as follows: (1) plant material was
obtained from vigorous shoots removed during May
from mature 10-year-old trees; (2) the single nodes
were pre-sterilized successfully in ethyl alcohol (70%
v/v) for 40 s; (3) the pre-sterilized buds were surface
disinfested in 5% (v/v) NaOCl for 10 min (4) and
rinsed 3 times in sterile distilled water; (5) the culture
medium containing the mineral nutrients derived
from full strength MS with Gamborg vitamins, 30 g
L-1 (w/v) of sucrose, 1 mg L-1 of BA, and 6.3 g L-1 (w/v)
of agar was the most suitable for promoting shoot
multiplication of cultures; (6) the best rooting
percentage was obtained on Murashige and Skoog
-1
(MS) medium supplemented with 1.0 mg L of IBA;
(7) acclimatization of the rooted shoots was achieved
by transferring them to pots containing a mixture of
sterile peat, sand, and soil (1:1:1); (8) after growing 35 cm in the compost mixture for 5 weeks, the plantlets
were transferred to the field.
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